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| SUBMIT 

One paper haa already been published and circulated under this 

contract, namely "The Chandcai Effects of Ultrasonics" by Virginia 

Griffing (J. Chem. Phys., 20, 939-42 (1952)). A second technical report 

has been circulated, i.e. "Lundnlsoance Produced as a Result of Intense 

Ultrasonic Waves" by Virginia Griffing and D. Sette. This ia to be 

modified somewhat and published in the Journal of Chemical Physics. In 

addition a short paper on "The Effect of Ultrasonics on the Explosive 

Sensitivity of Aftaoniua Permanganate" by Virginia Griffing and Androj 

Macek is to be published in the Transactions of the Faraday Society. 

Copies of these papers will be submitted with this report and reprints 

circulated to the distribution list when they are available. 

In addition to the above papers this report includes a paper 

"The Role of Dissolved Gases in Chemical Reactions Produced by Ultrasonic;i" 

by Mary Evelyn Fitzgerald and Virginia Griffing. These two preliminary 

reports on cavitation are included in this report. More work needs to be 
i 

done before definite conclusion* can be reached. They are "On the Origin 

of Gavitition in Liquids-1, by F.E. Fox, V. Griffing and Daniel Sette, and 

"Threshold of Cavitation in Water Saturated with Pu>.*e Gases and Gaseous 

Mxtures", by Virgin!«. Griffing and Daniel Sette... 

Two other studies were) started under this contract and ora now 

nearing completion under KG* CMR-255, Task Order 3* These studies are 

«... „.. —.  
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1., The influence of various physical variables on the produc- 

tion of K2G2 in water with various dissolved g-o«s and gas mixtures. 

2. The depolymerisation of polystyrene in various organic 

solvents by means Of ultrasonics. 

With th* help of the contract our experimental facilities were 

improved so that cavitation experiments can be undertaken over a frequency 

range of 1/2 to 2 mc/sec at intensive* up to 8 watts/oat • 

Summary of the Here Important Results of this Study 

1. Chemical reactions attributed to ultrasonics can be classi- 

fied according to three mechanisms, l) Reactions due to cavitation never 

occur without the formation of bubbles. All of these reactions take place 

in the gas phase, are primarily thermal and are due to the heat developed 

during adiafcaUc compression. Thun, only rear,canto with an appreciable 

vapor pressure are affected. 2) Many reactions in the liquid phase are 

of secondary origin due to reactions with dissolved products of the 

primary reaction in the gas phase. Luminescence is also e secondary 

effect. 3) Some reactione are due to the uniform temperature e .evation 

caused by absorption of acoustic energy of very high Intensity in a 

short path length. 

2. Luminescence, when it does occur, is always present with 

cavitation and starts at the same energy level as cavitation. Various 

water solutions shew luminescence in the D«W relative amounts as the 

yield of the chemical reaction caused by intense sound waves. From this 

it is concluded that, at least In thea« cases, the phenomena is 
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chenti luminescence. An apparent frequency dependence of the ''•iiBinwsKer.es 

was observed; however, it was shown that the threshold of cavltatlon was 

the frequency dependent phenomena. 

3. The most important result of this study was the demonstra- 

tion of the importance of measuring the intensity for the threshold of 

savitation as well as the intensity at which the experiments are con- 

ducted under the specific experimental conditions before any conclusions 

are reached about the effects of various physical variables. 

• 



11%* Hole of Dlaaolved Gaaea in Chemical Reactions 
Produced by Ultraaonics- 

by 

atary Evelyn Fit8ger*a.d*» *nd Virginia Griffing 

Abstract 

A study has been made of the effects of ultrasonics on the 

decomposition of carbon tetrachloride diaaolred in water. The yield of 

free chlorine and the change in pH of the solutions are reported as *. 

function of voltage and incident intensity. The measurements are mado 

on a series of solutions saturated with different gases. A definite 

correlation is found between the yield of free chlorine and the ratios 

of specific heat of the dissolved gases. Thus it ie conclude that the 

primary reactions are th-i-real deeviopg*itions in the gas phase due to the 

adifchatic compression of the gas bubbles in the intense sound beam. 

*  Supported by Office of Naval Research. Part of tnia material is 
taken from a Ph.D. thasla, Catholic University of America. 

•* Hov at Kount St. Vincents College, Halifax, Nova Scotia. 
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Introduction 

It has been recog<»i«ed for a long fciiaa by most investigators 

th&t tha presenea of dissolved gases is necessary before chemical reac- 

tions can be induced by ultrasonics. On the assumption that a dissolved 

gas forme minute bubbles in tha sound fiold, an explanation of these 

phenomena has bean suggested by one of us.  It has been suggested that 

tha primary reactions take place inside the bubbles, are primarily thermal, 

and are brought about by tha heat developed during tha adiabatic compression 

of tha gas bubbles. Thus no reactant is diractly affected by the sound 

field unless it has sufficient vapor pressure so that it is found inside 

the gas bubbles in sufficient concentrations for reaction to take placa 

there-, Tha following experiments ware undertaken to determine the effects 

of various gases on the rate of decomposition of a carbon tetrachlorids- 

water solution. 

Experimental Procedure 

The experiments were carried out with a 2 mc quartz crystal 

mounted in a lucite holder in one end of a glass tank. The tank was filled 

with water to transmit tha high intenaity sound waves from the source to 

the reaction vessel which was immersed in the water. The water served as 

a constant temperature bath to maintain approximately cor.itant temperature 

inside the reaction vessel. The crystal was driven by an oscillator from 

a radi^ transmitter and the intensity was kept constant over a given run 

by keeping the voltage across the crystal constant.  The voltage was 

1 V. Griffing, J. Chem. Phys., lg, 997 (1950); J. Chem. Phys., 20, 929 
(1952). 
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monitored with a vacuum tube voltmeter with a range of 0 to 1500 volts 

r'ftS, The absolute intensity was determined by observing the radiation 

pressure" on a rubber diac suspended in the tank in the u*"al way.  The 

reactions were carried out in tubes one inch inside diameter, 6 inches 

long, closed at one end and supported in a horizontal position in the 

tank. The open ei*l of the tube was closed with a cellophane film which 

was non-reactant, impermeable to product and reactants, and permitted 

99£ of the sound energy to pass into th« reaction vessel. The measured 

intensities are the intensities of the sound beam entering the reaction 

vessel. The reaction vessel was closed at the far end so that all the 

sound energy would be reflected back into the reaction vessel. Originally 

it- was planned tc kssp £ constant intensity by measuring the sound 

intensity transmitted through a similar thin film at the far end of the 

reaction vessel and thus, by absorbing this energy, tc ssasure the effects 

of a progressive wave of a known Intensity. However, as soon as cavitation 

begins, many small bubbles are produced in the sound field and the sound 

energy is scattered by the bubbles. It was found that the most r a producible 

results were thus achieved by this set-up in which all the qound energy is 

scattered back into the reaction vessel. Although this method of determin- 

ing the relative dependence on intensity was fcdaqoats** it is not entirely 

satisfactory for determination of chemical effects as a function of the 

absolute intensity of the sound beam. 

2 r.E. Fox and V. Griffing, J. Accusi. Soc. Am., 2^, 352 (1949). 

3 *  When the relative intensity is measured in this way, it is possible to 
obtain reproducible results with different crystals, mounts and tanks.- 
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The presence of cavitation was assured by observing the cavita- 

tion bubbles in a Tyndall team which was passed through the .solution in 

each experiment. Any experiment during which cavitation ceased was dis- 

carded. 

Many observers have reported the production of free chlorine 

when water saturated with carbon tetrachloride is irradiated with ultra- 

sonics; we made the assumption that we could follow the evolution of free 

chlorine by tltration as a measure of the rate of our reaction for purpose* 

of determining the comparative role of various gases dissolved in th* solu- 

tion. The acidity of the resulting solutions was also measured with a pH 

meter. Double distilled water was degassed by boiling for fifteen minutes 

in a specially designed flask. The flask was equipped with stopcocks 

which could be used to close off the water until it was cooled to room 

temperature; then one of the pure gases was introduced into the flask 

through a two-way stopcock. A few milliliters of carbon tetrachloride were 

introduced into the solution through a second opening. The flask wee then 

shaken vigorously for several minutes and allowed to stand for 15 to 24 

hours (the saturated solution of CCl^ jn water at 20°C contains 5.8 x 10~3 

moles/liter). The reaction tubes were equipped with two side arms with 

stopcocks. These tubes were flushed out and completely filled with dis- 

tilled water which was then driven out with the gas being ujed in the 

given experiment. The tubes were then filled with the solution from the 

flask, care being taken that no excess CCl^ was carried ever. Compressed 

gats was used to force the solution from the flask to the reaction vessel. 

The voltage wa J set to correspond to a given intensity and the runs w»re 

clocked with a stop witch. Fifty nrilliliters of the sample were pipetted 
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into an Erlenmeyer flask containing 5& ml of 0.1 normal potassium iodide 

and 2 ml of starch solution. After ten ninut'u titration was mads with 

0.001 normal sodium thiosulphatc. The pH of the original and of the irra- 

diated solution was checked. A series of runs were made with solutions 

saturated with helium, neon, argen, nitrogen, oxygen, 0tiHNt ssmexide, 

sulfur he£*fluorids and freer?. 

1"he result* are given ia the accompanying graphs. In all cases 

the titration curve gives the milliequivalents of free chlorine foxw . 

The pH curves givs the milliequivalents of hydrogen ion formed. We have 

also plotted a combined curve on the assumption that the end products 

might be represented by the following tentative stoichiometric equation! 

CCl,-j~ H20 —* Cl2-f. CO + 2HC1 

The validity of this scheme ia doubtful inasmuch as the hydrolys'.* of CC1, 

in sealed tubes at 250° C as reported by Qoldschmldt* goes according to 

the equationt 

CC14 4- 2H20  » C02 + 4K31 

Furthermore, although Weissler' in tr.e ultrasonic study of this reaction 

has proposed the following mechanism 

CCl^-h H20 Cl2-*-C0 +• 2HC1 

2KCH-0   —+ Cl2+ H20 

Goldschmldt,  Bar.,  !£,  928  (1081). 



ha reports^ that "the scheme fails to agree with the fact that infrared 

and mass spectroroetrie analyses show that CO? is produced rath9r than CO". 

However, we are not primarily interested at the moment in the detailed 

chemical mechanisms -il  the reactions occurring, but rathor in the compar- 

ison or tho results as a function of the physical variables of the dissolved 

gas in order ts understand why ultrasonic* induces chemical reactions.- Thus 

the interpretation of the curves in terms of mechanism of the chemical reac- 

tion is not necessary at present." 

In Figure 1 and Figure 2 the results of experiments on the water- 

argon-CC.l^ mixture is presented. In Figure 1 the yield as function of time 

is plotted. The deviation of these curves from linearity is probably due 

to the complications introduced by secondary chemical reactions and the 

degassing of the solutions. Much, longer runs lead to considerable complica- 

tions, but the rate does fall to a steady state value indicating some kind 

of equilibrium. In Figure 2 the yield as function of voltage is given. 

These points represent an average of several runs of five minutes eaoh for 

each voltago. In Figure 3» Figure U and Figure 5, the yield of fme 

chlorine, hydrogen ion concentration and the combined yields are plotted 

as a function of time (the intensity is constant) for solution saturated 

with various gases. The yield of free chlorine seems to give the most 

consistent results. In Figure 6, Figure 7 and Figure 8, the yield as 

function of intensity is given for a number of gases. 

5 Weissler, A., HRL report, S-W*  (1949). 

We ar« now studying the reaction H^O »$> K2O2 *8 function of all the 
physical variables. Here the secondary reactions do not complicate the 
chemistry so much. 
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In addition to .' hr»«e results a set of careful experiments were 

undertaken to determine whether Hj02 could be produced by ultrasonics in 

water that was oxygen free. Water was carefully degassed by vacuus dis- 

tillation and then nested while pumping out for several hours. Then 

apectroscopically pure helium was admitted and these samples were irradi- 

ated with ultrasonics. Hydrogen poroxi.de was formed. Thus it would seem 

that oxygen need not be present in order to produce H2O2 from water by 

means of ultrasonics; however, it was not possible to rule out completely 

the presence of minute traces of 0^. In addition, experiments were made 

with fluoro-substituted alkyl chlorides. TM following summary indicates 

the results obtained in ten ndnuts runs at a constant intensity. 

a. Preon 12 + degassed water 

b. Frson 12 + water 4- air 

0, Preon 12 f- degassed water 

+ CC1A 

d. Preon 21 4- degassed water 

e. Preon 21 4 legassed water 

+ CC14 

f. Oenetron +• degassed water 

g. Oenetron 4-degassed water 

+ cci4 

Pree Chlorin* pH Changi 
(meq.) 

0 - 

0.027 x 10-3 - 

0.031 x 10"3 - 

0 5.6   -» 5.0 

0 6.6 -9 4.1 

0 6.6 -" 4.7 

6.6* - 4.7 
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T:m  results of the runs with Freon 114 are shown on the graphs with th« 

other gases. In general, these gases were not useful in studying the 

reaction selected since they reacted with the otherwise degassed water 

under the influence of the ultrasonic beam. 

Discussion of Results 

Tns yield of free chlorine is seen in Figure 6 to be greater 

for those solutions which were saturated with gasr n having a high ratio 

of specific heats ( Q ) &nd to decrease for the remalninij gases in the 

order as v  decreases* This suggests that the chemical reaction is due to 

the high temperatures produced by the ad.iabatic compression of the gas 

bubbles in the sound field) however, solutions saturated with gases having 

the same 0 (e.g. argon, nsoa, helium) do not give the same yield. This 

variation can be explained on the basis of the difference in thermal con- 

ductivity and rate of diffusion of the gases from the bubbles into the 

liquid. 

Since the yield decreases as the thermal conductivity of the 

gases increase, one can conclude that this reaction takes place in the 

gas phase. The fact that solutions *nturated with helium do not give much 

greater yield than solutions saturated with nitrogen can be explained by 

the high rate of diffusion of helium out of the gas bubbles. This is 

suppu ted by the fact that it is more difficult to maintain bubbling in 

solutions saturated with helium. 

Prom the thermal props* tes, one would have expected that the 

experiments with nitrogen ind carbon monoxide would give the same results. 

A considerable difference was observed and this must be due either to a 
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chemical complication or to the fact that carbon monoxide is about one and 

one-half times as soluble as nitrogen. These experiments were done with 

saturated solutions of the gases. Further experiments determining the 

depen^on'j of the r«te of reaction on the concentration of dissolved gases 

are being made in order to clarify the dependence on solubility of the gas. 

The yield of free chlorine increased with increasing intensity 

and followed a linear law within the experimental error. The dependence of 

the yield on the nature of the dissolved gas maintained the same relative 

order over the entire intensity range. 

Ths complexity of the reaction (i.e. the hydrolysis of carbon 

tetrachloride), the subsequent secondaiTr reactions, the production of 

hydrogen peroxide particularly when oxygen was present, and the difficulty 

of being sure that no trace of dissolved oxygen was left in the water, 

aakes it difficult to obtain any more quantitative results from these 

experiments; in particular these factors are probably responsible for the 

erratic behavior shown in observed pH changes. The actual production of 

bubbles by the sound field seems to depend on a number of factors that are 

difficult to control. Since the resul a are entirely dependent upon the 

formation and persistence of bubbles, the detailed explanation of mechanism 

will only be possible after the fundamentals of cavitation Itself are 

7 
clarifiea. 

Conclusions 

These experiKantn demonstrate that, part of the reactions pro- 

duced by ultrasonics sre correlated with the ratio of specific heat of 

" Measurements determining the intensity threshold of cavitation as a 
function of gas content have been carried out in this laboratory by 
?. Grif'ing and D. Sette and will be published elsewhere. 

• — ii em 
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the diHBolved gas; they support the previous conclusion that these reac- 

tions are thermal decompositions at high temperatures produced by the 

adiabatic compression of the gas bubbles.  In a previous paper* it has 

been shown that thsrs is no appreciable heating in the liquid phase surround- 

ing these gas bubbles inasmuch as the inversion of sucrose in acid solution 

does not increase in rate under the influence of ultrasonics. 

Many reactions in the liquid phase have been reported simply as 

due to ultrasonics which new appear to be secondary reactions. For example, 

oxidizing agents such as H^Oj or OH radicals which have been formed in the 

gas bubbles may dissolve in the liquid and cause further reaction. Examples 

of these are the decomposition of KI and the oxidation of Na2S<>3 to Na^jSO^. 

The change in pH of the solution brought about by reactions in the gas 

bubbles is responsible for other reactions that have been Attributed 

direct;y to cavitation. An example of this is the slight increase in the 

rate of inversion of sucrose in neutral solutions. Luminescence observed 

in some solutions is also a secondary  effect of the cavitation process" 

and is probably chemilundnescence for water solutions. 

Some reactions are due to the temperature elevation caused by 

the absorption of acoustic energy of very high intensity in a short path 

o 
length. An example of such a reaction is the denaturizatlon of proteins. 

In these experiments ox eyes were irradiated with ultrasonics until cataracts 

were produced. That this was due to absorption heating was conclusively 

8 V. Oriffing and D. Sette, "Luminescence Produced as a Result of Intense 
Ultrasonic waves",  ONR Report No.  2 to be published. 

* Lavine, Langenstraus, Boyer, Fox4 Griffing, and Thaler, Archives of 
Ophthalmology, 1952. 



u 
demonstrated by placing a thermocouple in the center of the iena of the 

*/e and recording the temperature.  That the temperature reached was 

sufficient to produce opacities was shown by heating eyes to the same 

temperature in a constant temperitura bath. The opacities were more 

quickly produced at higher frequencies, which is to be expected, since 

the absorption varies as the square of the frequency. Thie buggeste that 

frequency dependence would enable one to distinguish between reactions 

due to cavitation and those due to absorption heating. It is not possible 

at present to conclude definitely the mechanism of the depolymerization of 

polymers by ultrasonics but a study is now in progress in this laboratory 

in an attempt to elucidate this matter. 
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Threshold of Cavit&tlon In Water 
Saturated with Pure Gases and Gaaeoua Mixtures 

"oy 

Virginia Griffing and Daniel Setts 

Kxperlnantal Procedure 

The «xperi"»nt*l *«tup for the determination of the oavitetion 

threshold in water having various gases uisaelvsd i*: it is indicated in 

Figure 1. The sound source is located at one end of a tank filled with 

water (25 x 25 x 35 onr1). Two opposite walls of ths tank are glass plates 

to allow a light bssm to pass in a direction normal to the sound beam. 

Light from a 100 watt projector bulb is concentrated by an optical system 

in the region of t'ue sound field to be investigated. With such tin arrange- 

ment very small cavities can be seen at the onset of cavitation. 

A cell containing the liquid to be studied la put irelde the 

tank near to the sound source in such a position as to allow fund radia- 

tion to enter freely. The walls of this cell are made of glass except 

for the one near the input of the sound beam. This wall is a thin sheet 

(,04• thickness) of cellophane whose sound transparency is 99 percent. 

Two tubes with stopcocks are used for filling the cell. The procedure 

used for this operation is as follows. The cell is first filled with 

water which has been doubly distilled. Next the water is pushed out u*ing 

the same compressed gas which is dissolved in the liquid to be investigated. 

Finally the liquid solution is foroed into the cell by external pressure 

of the same gas from the container in which it was prepared. 
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Ths preparation of the mixtures was made following the method 

described by Fitegereld . Doubly-distilled water la boiled for 30 

minutee in a glass Dulb to free most of the dissolved gases. At the end 

of such period tho bulb is isolated from the atmosphere by closing a 

stopcock and it is then cooled down to room temperature. The gas to be 

dissolved is now introduced into the bulb and the system is left at nearly 

£t29*r>h*irle pressure for about 15 hours in order to attain equilibrium 

before starting the measurements, The transducer used was « bAHum 

titanate plate resonating at 1.1 mo/see. To determine the sound intensity 

in the field * calibration was made using a radiation pressure method. In 

this way it was possible to determine the proportionality constant betwe«n 

the sound intensity and the square of the voltage applied to the barium 

titanate plute. During this calibration the cell wan removed so that the 

sound propagation took place exclusively in the water contained in the 

tank. The characteristics of the cell are such that while the sound energy 

losses at the entrance of the cell can be neglected, the reflections from 

the curved glass surface at the other end contribute somewhat to the shape 
* 

of the sound field inside the cell. Since we were interested mainly in 

comparing results obtained under the same experimental conditions and 

because the observation for the onset of cavitatlon was always made in the 

region of the cell near the sound entrance wall where the influence of the 

reflected waves is small, we have taken as cavitation threshold the in- 

tensity of sound waves     measured in water at the same distance from 

the source as the region of the cell where cavitation was observed and 

for the same voltage at the electromechanical transducer. The procedure 

Hi-a"-'»»«w*»ii,iwiu^ 
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used for determining capitation threshold was as follows: the roltage 

was applied to the transducer for intervals of 15 seconds, allowing 30 

saaands rest in between. Each time the voltage was increased a few per 

cent above the preceding. As soon as small bubbles started to form the 

voltage was turned off and three minutes of rest allowed before starting 

another run on the same specimen. 

The precaution of not letting cavitation go for an appreciable 

time proved to be important in order to obtain better agreement with the 

results for different runs on the sans specimen and on other specimens. 

This fact is clearly shown by Table I. It refers to four specimens of 

distilled water saturated with a mixture N2-O2 having 75 percent Mg. The 

measurements on the first specimen were made allowing cavitation to 

proceed for about 1 minute at the end of each run. The measurements on 

the oti.sr specimens were made without letting the cavitation continue. 

The reason of this behavior is seen in the fact that the threshold of 

cavitation depends, in addition to other factors, on the amount of gas 

dissolved in the liquid and this quantity obviously changes as cavitation 

draws gas out of the liquid. This effect is more easily detectable when 

the quantity of liquid irradiated is small as it was in our c«se (about 

80 ce). 

The tjaperaturf at which the measurements were performed was 

21 +0.5°C. 

Results 

Table II gives the values of cavitation threshold found in P 

series of solutions of pure gases in distilled water. The gas*e considered 

are oxygen, nitrogen, argon, carbon monoxide and sulphur hexafluoride. 
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The Tabl* III gives the resulta obtained in distilled water, 

saturated with different mixtures of N2-O2 and A-O2. 

Both pure gasas and gaseous mixtures were obtained from the 

Katheson Co, 

I 
Table I 

Effect of Degassing the Liquid on the Caritatlon Threshold 
Distilled Water Saturated with a Mixture 75* H2-25* 02 

Voltage at the SourcJ 
*»*-*»«< —tr- T»,  *- —   n.—* -t --i. t—    r\ A 

-- f*-~ %* .*. mw * t uuu i«»      U^UdOkli/r.    VllSOl; 

1 1 50 
2 54 
3 56 
4 56 
5 60 
6 59 
7 60 

2 1 50 
2 50 
3 52 
4 50 
5 51 
6 52 
7 54 

3 1 51 
2 52 
3 52 
4 52 

4 1 51 
2 51 
3 52 
4 51 

UJU HIJIW ">' ' ' " 
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Table II 

Bidi.stilled Water Saturated with Va-ioue Gases 

Oas 
Cav. Three. 

*2 

1 
1 

1.16 
k.96 
.78 
Lr • *>; 

litti ill 
Hidiatilled Water Saturated with Oaseoue Mixture* 

A) w2~*2 B; 02-Ar 

«2* Car. Threa. 
(W/em*) 

«t Car, Three 
(W/cm*) 

0 .96 0 .96 
5 .dd 25 .96 

15 • on 50 .78 
*5 .89 75 .57 
50 .7I» 85 .71 
75 .61 95 1.03 

100 .65 100 1.16 

Experiment i* are under way in the physics department which will 

determine the threshold of caritation in rarioua organic liquids. Only 

preliminary experiaan a are now completed, however, the thraahold seems 

to be somewhat higher than in water. 
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On the Origin of Cavitatlon in Liguide 

by 

F.E. Fox, Virginia Griffing and Daniel Sette 

As is well known cavitatlon by intense ultrasonic waves in a 

liquid in which gases are dissolved starts at values of acoustic pressure 

well below the pressure needed for tearing apart the liquid. At present 

it is assumed that this effect is due to the presence of small solid or 

gaseouu nuclei around which the gaseous bubbles can grow during acoustic 

irradiation. 

A difficulty arises for assuming the existence of gaseous nuclei 

due to the fact that if the sizes of the nuclei are very small, as must 

be the case, it is not clear now they can remain in equilibrium under sur- 

face tension and external and internal pressures. To avoid this difficulty 

it has been suggested that a skin of organic greasy materials envelopes the 

gas nuclei. Some experiments, which are. here reported, s<sem to show that 

this skin hypothesis is nnt  satisfactory. 

The firet experiment shows that cavitatlon occurs in carbon 

tetrachloride and benzene always at sound pressures far from those needed 

for tearing apart the liquids. These two liquids are usually considered 

efficient solrents for organic materials such as those which are supposed 

to constitute the skins. 

A second experiment has been performed in order to eee if 

cavitatlon can occur In a liquid which has gases dissolved in it but it 

Tree of aoiic nuclei and of possible skins for gaseous nuclei. 
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The figure ohc~»» tho glass apparatus used. It is formed by three 

glass bulbs, Tl»a bulb A contains spectroscopic Argon produced by the Linde 

Co, . Xt is sealed inside the tubing connecting it to the rest of the 

apparatus* The fragile ideas aealing can fce easily bro m by a metallic 

ball of magnetic material which Is normally located in the ieat R and can 

be moved by using a magnet outeide of the apparatus. The one liter glass 

bulb C is a reservoir of water; the bulb D is the ceil where ultrasonic 

waves are propagstsd in the liquid to be tooted. Part of the gla-r walls 

of bulb D has been reduced to a very small thickaess {j"*0.3«"0 in order to 

decrease the losses of sound energy entering the cell. The sound source 

was a quarts crystal having a resonance frequency of 670 kc/sec. Wats? 

was ussd .5 an intermediary medium between the quarts crystal and the bulb D. 

Soubly-distilled water was introduced into the bulb 0 through the 

pipe E. By reducing the pressure in the apparatus to the water vapor 

pressure at room temperature the water was boiled for 30 minutes to free it 

cf dissolved gases. Then the tubing E was soaled under vacuum. 

If under these conditions some water is allowed to go from bulb 

C to bulb D and ultrasonic waves are sent into the lattnr ui  cavitation can 

be detected with a sound intensity of about 3 watt/cm2 notwithstanding the 

faot that a light beam sent through the bulb D shows that some small solid 

partioles are suspended in the liquid. 

Following tms test all the water was transferred into bulb C 

and low velocity distillation of *ater into bulb D and in tho various 

tubings was effected by maintaining a small temperature difference between 

0 and the rest of the apparatus. This operation, repeated many times, 
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succeeded in removing ail the solid particles from the bulb D and the tub- 

ing connection which could act as nuclei i> the capitation process. At 

the end of the repeated distillation there remained in bulb D a water sample 

in which no suspended particles could be seen by scattered light while the 

bluish color characteristic of molecular scattering was observed by passing 

a light beaiu through the liquid. 

In bulb D then we had a sample of water free of solid nuclei and 

without an appreciable amount of dissolved gases. The aim of the research 

was to see- if adding a very clean gen to the water w«g sufficient to produce 

cavitdticn by a sound field. For this reason the seal of the Argon container 

was broken '.*lth the metallic ball. At the time the seal was covered with 

about 2 cm of distilled water in the glass tubing connecting bulb B to the 

rest of the apparatus. 

After breaking the seal no cavltation was observed for about 25 

minutes using a sound intensity of about 3 watt/cm^. During this period 

some small solid particles suspended in the water w*rs observed. It is 

believed that they were small glass fragments which were produced when the 

Argon sealing was broken. It could be that some> of them were not stopped 

by the water distilled on top of the sealing because of the violence of the 

efflux of the gas from bulb 8, After 25 minutes cavltation appeared in very 

vigorous way. 

The presence of some solid glass dust particles in the liquid 

before the cavltation started does not allow us to draw a positive conclu- 

sion on the experiment, but the vigor with which the cavitaticu was 

suddenly established cannot be explained by the presence of few solid 

partieles.  If this were the case the experi&ont. would have to be interpreted 

., _ _ 

•L. V.     *-•- . 9 
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in the ~»nse that cavitation can appear also if thure are no preevdat.ent 

nuclei.  Then it vwuld be necesnary to consider a different process for the 

beginning of formation of bubbles in a liquid under sound radiation. 

;v'•c•fc:'
, 
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